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NASA - Space Task Group 
P a t r i c k  A i r  Force Base, Florida 
March 26, 1961 

MEMORANDUM for P r o j e c t  Director 

Subject: Mercury-Redstone booster development f l i g h t  
(MR-BD) 

i 
Reference: Memorandum for ProBect Di rec tor  Mar. 2 0 ,  1961 

JBH/AJS :  dpf 

1. This memorandum presen t s  a b r i e f  review of t h e  

The f l i g h t  was made t o  

Mercury-Redstone booster  development f l i g h t  (MR-BD) made on 
March 24, 1.961. The f l i g h t  u t i l i z e d  t h e  MR-5 booster  and a 
non-operating R,&D type capsule.  
i n v e s t i g a t e  c o r r e c t i o n s  t o  t h e  booster  problems o u t l i n e d  i n  
the r e fe rence  memorandum. 

2. Sirrmrnar . - The MR-BD f l i g h t  was h ighly  auccaesful. 
The count + own wont smoothly w i t h  no holds.  

pressure r e g u l a t o r  and ve loc i ty  i n t e g r a t o r  all func E Ilonsd 

The item of p r i -  
mary concern, structural feedback t o  t h e  con t ro l  sy@tem, was 
corrected. Instrumentation compartment vibration wag damped 
to an acceptab le  l e v e l ,  The t h r u s t  c o n t r o l l e r ,  H20 tank 

normally. The ro l l - ra ta  abort 8eJpmr, while disabled  c f  its 
abort sensing func t ion ,  was monitored and gave I reading of 
only  3 degreea per second m a x i m u m .  Telemetry reception and 
recordings were sxcsllent. 
the planned tsaJactory very clorsely. 

The actual t r a j e c t o r y  fol lswed 

. - The ciapl~ulg u t i l i zed  for 
d m d  b u i l t  by NASA-IAngl@y 

Reasarch Canter for thwLAtt1ei Joe 1s flight t o o t  made in 
Januaryp 1860 a t  Walloga Jrland, Virginia. Kt wadl bia2J.aate.d 
and coniSgurPsd t o  a~Smul,uf 

detaXls betwean %h%% csrpr he Itsr@u;ky produatisn cap- 
SUM i s  shown in, Pigures 1, syatsm wa# aforadsrd 

lantad t o  propaw wc~sighd;, 

Paunch configusation (adapter  

wry pr0duction oapauX0 
(speciilcml2y, Ciapsu148 Ne oOPipW"iSOX O f  aQWBtIW@tiOn 

Meroury coniiguratlon u rocket motor*m bdl- 

The overall w i g h t  and center of g r a v i t y  of the 
capsuf,? and escape assembly) 
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as w e l l  as t h e  weight and c e n t e r  of g r a v i t y  of t h e  s e p a r a t e  
components, c l o s e l y  approximated those of Capsule N o .  7 a t  
t h e  t i m e  of Capsule No. 7 de l ive ry  t o  Cape Canaveral. These 
data are presented ,  f o r  comparison, i n  t h e  f ~ l l o w i n g  Table: 

Escape 

Capsule 

. .  

Adapter 

Launch t Cionfig. 

CAPSULE NO. 7 

1.072.03 1310.32 1.04 I - .O4 

2,827.55 120.34 .09 .06 

125.55 100.96 .30 -.47 

1,016.13 170.49 .08 .02 

LITTLE JQE 1B 
OF GRAVPTI 
ches] 
YIX I 
I 

125.55 102.07 I I 4 039.04 170.67 

-.04 .211 + .13 - 0 6  
I 

.301-.47 

I .08 .09 

The f a i r i n g s  which s h i e l d  t h e  explos ive  b o l t s  on t h e  
main clamp r i n g  were made i n  accordance with s t anda rd  Mercury 
coxnfigurat ion.  

A SOFAR bomb w a s  a t tached  t o  t h e  i n t e r i o r  of t h e  
capsule  at t h e  reques t  of t h e  Navy. The depth s e t t i n g  fo r  
de tona t ion  was 3,500 f e e t .  

4. Launch Operatione. - The launch procedures were 
arranged i n  a four-hour countdown which started a t  approximate- 
ly 0830 EST. The countdown w a s  f o r  boos te r  only, as the eap- 
su1e was non-operational. 

problems r equ i r ing  holds.  LOX loading occurped in t h e  count- 
down at  T-120 a8 compared t o  LOX loading during t h e  noma1  
Mereury-Redstone mission a t  T-390. A minor problem develsped 
when 16 t o  20 knots  winds produced LOX s losh ing  during t h e  
LQX top-off operat ion.  This s l o s h i n g  caused f a l s e  sens ing  
i n d i c a t i o n s  and subsequent ope ra t ion  of t h e  %OX topping 
computer. Consequently, t h e  computer csn t immd topping LOX. 
By Lowering t h e  b i a s  i n  t h e  topping c i r c u i t ,  the LOX l e v e l  
was decreased s u f f i c i e n t l y  t o  al low normal LOX topping. 

The countdown progressed smoothly with no major 
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1 .  

... 

T h i s  problem caused no hold i n  the count.  
a t  1229: 58 EST. 

L i f t o f f  occurred 

The Mercury egress rescue veh ic l e ,  an M113 armored 
personnel carrier,  was parked 1,000 feet southwest sf t h e  
booster  t o  ascertain the  v i s i b i l i t y  and sound l e v e l  exper i -  
enced by personnel manning t h e  vehic le  during t h e  launch. 
Personnel manning t h e  vehic le  repor ted  that  IILQ excessive 
noise  was experienced and t h a t  t he  v f s i b f l l t y  from t h e  car- 
rier w a s  e x c e l l e n t .  Also, a t ruck  w a s  parked approximately 
65 feet from t h e  booster  i n  t he  p o s i t i o n  t h a t  the mobile 
aer ial  tower w i l l  be for the  manned Mercury laaanchhgs to 
determine any e f f e c t s  t h a t  t he  launching might have OB the  
mobile tower. The t ruck  sus t a ined  no apparent damage and 
was removed under its own power, i n d i c a t t n g  t h a t  the mobile 
tower would not be damaged during a noma1 opera t ion  when 
parked i n  t h i s  l oca t ion .  

The weather condi t ions  a t  launch were good which 
permitted good photographic coverage. Surface winds w e r e  
16 t o  20 knots ,  as previously noted. Upper winds were ap- 
proximately 130 knots  from due w e s t .  

5. T r a  'ectory. - Range Zero was 1229: 58 EST. Li f d o f f  
occurred 0 -d-- seconds later a t  1229:58.8, and cu to f f  occurred 
a t  141.7 seconds a f te r  l i f t o f f .  

The a c t u a l  and planned trajectory parameters are 
2lS fQl1oWS: 

A l t i t u d e ,  N. M. 

Range, N. M. 

The q u a l i t y  of t h e  Amsa and FPS-16 r ada r  t.rack- 
fng data f o r  t h e  MR-BD f l i g h t  was considered much better 
than  t h e  data for t h e  MR-1A and MR-2 f l fgb te .  The t r a n s -  
mission of IP 709 data t o  and from t h e  Goddard computer was 
e x c e l l e n t  and the  plotboard data in t h e  Mercury Control  
Center was as good 8s could be expected. 
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f i e  Azusa and FPS-16 radar data were obtained for 
the  fol lowing t i m e  i n t e r v a l s :  

11.3 t o  296.0 Azusa Mark II 

GBI FPS-16 

The q u a l i t y  of the  l?PS-16 s k i n  track data af ter  
296 seconds w a s  considered a s  good as the  beacon track data  
obta ined  on previous Mercury missions.  

I n  gene ra l ,  there was hardly a p l o t t i n g  d i f f e rence  
between t h e  a c t u a l  t r a j e c t o r y  data computed from t h e  above 
mentioned data sources  and the  nominal trajectory publ ished 
i n  NASA Working Paper N o .  178. A planned tilt  arrest from 
range t i m e  of T+79.2 t o  T+87.2 had no e f f e c t  on the  desired 
cu to f f  condi t ions .  

6 .  Resul t s .  - The re ference  memorandum discusses 
booster  problems and planned c o r r e c t i o n s  t h a t  l e d  t o  t h e  
dec i s ion  by t h e  Marshall  Space F l i g h t  Center t h a t  t he  MR-BD 
f l i g h t  was requi red .  The following is a d iscuss ion  of che 
r e s u l t s  obtained on t h e  MR-BD f l i g h t  concerning these pmb-  
l e m s  and corrections.  

(a] Vane v ib ra t ion .  - Incorporation of f i l t e r s  i n  
t h e  shaping network success fu l ly  e l imina ted  this prsb- 
l e m .  Figure 3 shows a record reegment during the l a t t e r  
p a r t  of powered f l i g h t  (T+l lO l o  T+l25)  where it Can be 
seen  t h a t  although some v i b r a t i o n  a t  t h e  second mode 
bending frequency was p resen t ,  t h e r e  was no v i b r a t i o n  
of t h e  j e t  vanes. Also, it can be noted t h a t  t he  sec- 
ond mode bending frequency (8 cps) was not continuousky 
sus t a ined .  The fact t ha t  i t  was not austrainned is prob- 
a b l y  due t o  t h e  fact t h a t  as no vane v i b r a t i o n  occurred 
i n  response t o  t h i s  frequency, there is no vane feed- 
back i n t o  t h e  s t r u c t u r e .  

I n  an attempt t o  excite t h e  second mode bend- 
ing  frequency a t  t he  t i m e  of high "q", a "controPled 
maneuver" was made during the MR-BD f l i g h t  from a 
range t i m e  of T-t-79.2 t o  T+87.2. This  maneuver consisted 
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of a temporary tilt  arrest t o  b u i l d  up a 2.3O angle  of 
attack. The r e s u l t s  of t h i s  maneuver were apparent ly  
negated due t o  upper winds of approximately 130 knots  
from due west. A t  any ra te ,  t h i s  maneuver had l i t t l e  
effect on the  second mode bending frequency. 

(b) Instrumentat ion Compartment Vibrat ion.  - High 
frequency v i b r a t i o n  was still present  in t he  area of 
the  ins t rumenta t ion  compartment of t he  bQQBteP, though 
t o  a lesser degree. The telemetry data i n d i c a t e d  I& 
magnitude of + 5.6g (using a + 8g accelerometer measur- 
i n g  range) at-T+70 as compare3 t o  a s a t u r a t e d  reading 
(using a + 6g accelerometer measuring range) on the  
MR-2 SligEt.  
of adding the  210 pounds of damping material t o  the  
i n t e r n a l  su r f ace  of the  instrument compartmeht strucn- 
t u r e  damped t h i s  v i b r a t i o n  t o  an acceptab le  level. 

I t  is, t h e r e f o r e ,  assumed tha t  t h e  fix 

I t  is  thought that  t he  instrument compartment 
v i b r a t i o n  l a  caused by aerodynamic e x c i t a t i o n  from t he  
capsule-adapter clamp r i n g  fairingrr.  
f l i g h t ,  a + 6g accelerometer i n r t a l l e d  i n  the  area of 
t h e  clamp Fing gave a a a t u r a t e d  reading. On t he  MR-BD 
f l i g h t ,  the  range of t he  accelerometer waa extended t o  + lag.  The responre war oa tu ra t ed  from T+70 t o  T W O .  
'8ecaure of t h i s  maturation, t he  amount over + l ag  im 
not known. 

On the  MR-1 

I 

(a) Thrust Oontroller. - The aervo o o n t r o l  valve 
which r e g u l a t e r  p m o w  *to ,the rteam genera tor  fune- 
t i o n e d  normally an vuaa bo reen in Figure 4, Thin in 
t u r n  gave optimum propol len t  flow whioh r e r u l t e d  i r e  
normal cromburtion dumber pro r ru re  ar ean be reon i n  
Figure 6, After rtabilSmtioa of proarure ,  a conr t an t  
value of 917 PBIA ma maha d throughout the  f l i g h t .  
I t  i n ,  t h e r e f o r e  ho oorroottvo acztion 
taken am rtcted l a  woaqorcrrdum ~rogarding 
t ho  f h r u r t  oentro21+? an war ru i i i o ion t  t o  ovomomo 
t h e  d i f f i o u l t i e r  rthat oaoouatorod on tho  AQ1-P 
f l i g h t  

, .. Tho prommure 
POW a b  M ~apOatOd, A 

rom l ta l r  proarurim- 
f db 

rordin(g 
t i o n  u n t i l  l i f t o f f  of tho boortor  at  whioh time t h e  
grerruro dropped to  626 PSI0 and remafned conr t an t  
throughout t h e  powered phara o f  the f l i g h t .  
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(e) Cutoff Arming Time. - The cu to f f  arming t i m e  
and o t h e r  mission sequence t i m e s ,  as o u t l i n e d  i n  t h e  
re ference  memorandum, were s a t i s f a c t o r y  f o r  the  MR-BD 
f l i g h t .  Booster cu to f f  occurred a t  141.7 seconds a f te r  
l i f t o f f  as compared t o  a c a l c u l a t e d  value 0 f  142.5 
seconds. 

( f )  Ro l l - r a t e  Abort Sensor. - The r o l l - r a t e  abort 
sensor ,  w h i l e  d i sab led  of its abor t  sens ing  fun&t ion ,  
w a s  monitored on a continuous telemeter channel f o r  
t h e  MR-BD f l i g h t .  The maximum rate recorded was 3 
degrees  per  second, w e l l  below t h e  value of over 8 
degrees per  second obtained on t h e  MR-2 f l i g h t .  
peak value could not be e s t a b l i s h e d  on t h e  MR-2 f l i g h t  
as the  measurement was on a commutated channel.)  

(The 

I t ,  t h e r e f o r e ,  appears t h a t  the  high r o l l  rates 
t h a t  were experienced with t h e  MR-2 and MFt-lA f l i g h t s  
were probably due t o  the  c o n t r o l  sys t em vane v i b r a t i o n  
which is now cor rec ted .  However, as o u t l i n e d  i n  t h e  
r e fe rence  memorandum, the  r o l l - r a t e  abor t  sensor  is 
not a necessary i t e m  i n  t h e  Automatic Abort Sensing 
Ssytem so t h a t  its d e l e t i o n  on f u t u r e  Mercury-Redstsne 
f l i g h t s  appears j u s t i f i a b l e .  

(g) H202 System Corrosion. - There w a s  no evidence 
of H202 sys t em cor ros ion  on t h e  booster  during t h e  pre- 
launch checkout per iod.  No problems of any kind were 
experienced with t h e  H202 s y s t e m  during t h e  tes t .  

LOX leaks through the  man-hole MIX cover during t h e  
prelaunch and launch per iods.  The increased b o l t  
to rques  o u t l i n e d  i n  t he  r e fe rence  memopandurn appears 
t o  have co r rec t ed  t h i s  problem. 

(h) Man-hole LOX Leak. - There w a s  no evidence of 

(i) Velocity I n t e g r a t o r .  - The v e l o c i t y  i n t e g r a t o r  
allowed an e r r o r  of +3 percent  i n  cu to f f  v e l o c i t y  on 
t h e  MR-LA f l i g h t .  Since t h a t  t i m e  t h e  i n t e g r a t o r  has 
been redesigned as o u t l i n e d  i n  t h e  r e fe rence  memorandum. 
On t h e  MR-BD f l i g h t ,  t h e  ve loc i ty  i n t e g r a t o r  i n i t i a t e d  
t h e  cu to f f  s i g n a l  af ter  141.7 seconds of f l i g h t  t i m e .  
Th is  w a s  0 . 8  seconds p r i o r  t o  t h e  p red ic t ed  cu to f f  
t i m e .  The v e l o c i t y  at  cu to f f  w a s  88.7 feet per  second 
g r e a t e r  than  t h e  planned v e l o c i t y ,  an e r r o r  of approxi- 
m a t e l y  1 percent .  This  performance is considered 
sa t  is f ac t o r  y e 



-7 - 
A report of SOFAR bomb detonation was rece ived  

after the  f l i g h t .  Details of l o c a t i o n  and t i m e  are not 
known at t h i s  wri t ing .  

7 .  Conclusion. - 
(a)  A l l  booster correct ions  were s a t i s f a c t o r y .  

Jerome B.  Hammack 
Mercury-Redstone Project  Engineer 

JBH: AJS : j hr 
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FIGURE NO. 2 - VIEW OF CAPSULE MOUNTED ON BOOSTER 



T + 125 Sec 

FIGURE NO. 3 . -  TYPICAL RECORD SHOWING RESPONSE OF J E T  VANES TO 
SECOND ORDER BENDING EXCITATION. 
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